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TWENTY QUESTIONS: EFFICIENCY IN PROBLEM
SOLVING AS A FUNCTION OF SIZE OF GROUM
DONALD W. TAYLOR AND WILLIAM L. FAUST

Stanford University

popular as a

=" ~perlor game in earlier years and now

Spopular as a program on both radio
.ﬁpﬁ television, involves a type of
lem solvmg that is of considerable
“interest psychologically.? To start
the game, the participants are told
only whether the object they are to
attempt to identify is animal, vege-
table, or mineral. In searching for
the object which is the solution to the
problem, they ask a series of questions,
each of which can be answered “Yes”
or “No.” To find the solution most
economically, they must use a high
order of conceptualization, gradually
increasing the specificity of the con-
cepts employed until they arrive at the
nuncuhr object.
" ne game is of psychologxcal inter-
first of all because it appears to
-olve a type of problem solving more
nilar to much problem solving in
r-ryday life than that ordinarily
—_udied in psychological experiments.
he solution is obtained not by a series
" tigorous well-defined steps. Rather
1e starts with a general, somewhat
ague problem. Questions are asked

"'This experiment was carried out under
-wjoct NR 192-018 supported by Contract N6
11;=25125 between the Office of Naval Research
nd Stanford University. The first author
gigned thc experiment, supervised the analysis
{ the data, and prepared the present report.
‘e second author conducted the experiment and
svried out the analysis of the data. Work on

e -contract is under the direction of the first

author,

$The idea of using “Twenty Questions” in
:yperimental studies of problem solving is not
new, As was discovered after the present study
was partly completed, Lindley (3) suggested the
use of the game for this purpose in an article
published in 1897,

and information obtained. Upon the
basis of this information, new ques-
tions are formulated. - This procedure
continues until the problem is sclved.
This type of problem solving is also of
interest because it seems more similar
to much of the problem solving in
scientific research than does that in-
volved in problems susceptible of rigor-
ous, deductive mathematical or loglcal
solutlon

The use of the game in Dsychologl-'
cal experiments is recommended by
several other considerations: It is
quite interesting to college undergrad-
uates; motivation is easily sustained
for a period of several days. A very
large number of problems of this kind
are available. The same prob'ems
can be used with children and” with
adults. The same problems are ap-
propriate for use with individuals and
with groups of varying size.

The present experiment, the first in
a series planned using the game, was
designed to answer three questions:
(2) How rapidly is the skill involved
in the game learned? (b)) How does
efficiency in solving this type of
problem vary as a functior: of the size
of the group participating? (¢) Does -
improvement in individual perform-
ance occur more rapidly with indi-
vidual practice or with practice as a
member of a group?

The second of these three questions
is perhaps the most interesting. For
many kinds of work, it seems quite
reasonable that if a particular job
must be completed in a shorter time,
the number of people in the group
working on it should be increased. It
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“individuals.
~ imentaticn with larger samples, vary-

_tourse in psychology served as Ss.
assigned by chance to work in solving the prob-
“lems either alone, in pairs, or as a member of a

s structed 60 were: _select=

“ topics. Included were 20 animal, 20 vegetable,

1t was dc
“objects.  This
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is not clear that i mcreasmg the size of -
a group engaged in solving a problem ’

will necessarily reduce the time re-
quired for its solution. Indeed, it
appears likely that in some cases it
will actually increase the time required.
Shaw (4) has presented data which
indicate that the performance of
groups of four is superior to that of
However, further exper-

ing size groups, and different types of
problems is needed to determine ade-
quately the relation between group
size and efficiency in problem solving.

PRrROCEDURE

A total of 105 students from the elementary
The Ss were

group of four. -There were 15 individual Ss,
15 groups of two, and 15 groups of four. Each
individual or group was given four problems a
day for four successive days. On the fifth day,
all Ss worked alone, each being given four
problems.

Jrom a longet list of objects ori

and 20 mineral objects. Excluded were objects
~~which did 'not clearly fit in only one of the thr
- categories; e.g., hammer was not included. b

cause, with a handle of wood and a head ef,
. metal it would be classed as both vegetable

' 7
problems was needed for presen-
bssxbxhty that an b would have

ed to use a total of 60 diﬁerent
precaution seemed desirable
although the instructions to be given all Ss
specifically requested that they not discuss the
problems with other students. It should be
added'that no evidence was obtained during the
course of the experiment to indicate that any S
had previously heard mentioned a problem
object he was to be given.

Since the nature of the learning curve was of
interest, it was necessary to control the order of

“which S asked éﬁcﬁ questxonﬂ
- E replied “Yes,” “No,” “Partly,” “Sometimes,”

icular S or group. However,

presentation of the problems in such a way that

those given on any one day would be equal in
difficulty to those given on any other day. In
the absence of any measure of the difficulty of

the individual protlems, the following precedure

was employed: The 20 animal objects were listed
in chance order, as were the 20 vegetable and the
20 mineral objects. To obtain a group of four
for use the first day, the first item was taken
from each of the three lists together with the
nextitem from one of the three chosen by chance.
Similarly, to obtain four objects for use the
second day, the next item was taken from each
of the three lists; the fourth item was then
obtained by taking the next in order on one of
the two lists from which the extra item had not
been taken the first day. This procedure was
repeated to provide four problems for the third,
fourth, and fifth days. A second and a third
set of four problems for each of five days were

obtained by continuing the same procedure.

Next the three lists .of 20 were individually

reshuffled and the-entire procedure repeated to

obtain a fourth, fifth, and sixth set.
“In the experiment, the first, seventh, and

’thirtee’nth individual, pair, or group of four Ss

received the first set of problems. The second,
eighth, and fourteenth received the second set,
and so on. As a result of this procedure, the
order and the frequency of appearance of the

, problems were the same for individual Ss as for -

of four.

qu msand the: ime reqmred to reachssolution

would “be recorded but it was emphasxzed that

To each question,

or “Not in the usual sense of the word.” If the

- question could not be answered in one of these
- ways or was unclear, S was asked to restate it.

The instructions given to groups of twc or of
four made clear that they might talk freely to
each other, reviewing answers to previous ques-
tions or suggesting possible questions to ask. It
was emphasized that they were not to compete
against each other, but were to cooperate as a
group to get the answer; they were told that the
efficiency of their group would be compared with
that of other groups.

As the name of the game indicates, Ss are
traditionally allowed 20 questions in which to
obtain the solution. Pretesting showed, how-
ever, that with naive Ss this limit results in a
rather large proportionof failures.

1d” that:‘: both the number of

*Accordit}gly,
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F1c. 1. Number of questions per problem as
a function of days of practice and of size of

group

to simplify the analysis of the data to be obtained,
the number of questions permitted was increased
to 30. Examination of the distributions of
scores obtained suggests that, at least after the
first day, the performance of individuals or
groups of Ss who do not reach soluticn in 30
questions it qualitatively different from that of
those who do. The E’s impression is that in
most cases of failure there was established an
incorrect set which was unchanging even in the
face of answers irreconcilable with it; it seemed
that in such cases the Ss might easily have asked
50 or 60 questions without solving the problem.

REsuLTS

Rate of learning.—The first ques-
tion the experiment was designed to
answer concerned the speed of learning
of the skill involved. The data in
Fig. 1 show that there is rapid im-
provement in the performance of both
individuals and groups. By the fourth
day the curves appear already to be
flattening out. The score for an indi-
vidual or single group for one day was
the median of the number of questions
required to solve each of the four
problems on that day. The median
was used instead of the mean because
there were some failures. Each point

plotted in Fig. 1 is the mean of these
median scores on one day for 15 indi-
viduals, or for 15 groups of two or of
four. In those few cases where an

- individual or group failed two or more

problems on a single day, the median
was obtained by treating the failures
as though solution had been reached
in 31 questions; the number of such
cases was too small to affect the
results appreciably; after the first day
there were no such cases except among
individual Ss and even there they were
rare.

The mean number of failures per
problem on each day by individuals
or groups is shown in Fig. 2. Thus,
for example, on the first day the mean
number of failures per problem among
the 15 groups of four was .08; in other
words, about one-twelfth of the prob-
lems were failed. The improvement
in performance over four days in terms
of number of failures per problem is
consistent with that shown in Fig. 1 in
terms of number of questions per
problem solved.

Figure 3 shows the decrease over
four days in the amount of time
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Fic. 2. Number of failures per problem
as a function of days of practice and of size of

group
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required per problem. The time re-
quired, of course, is somewhat depend-
ent on the number of questions asked,
although not entirely so. The score
for an individual or single group for
one day was the median time required
for solution of the four problems. In
those few cases where there were two
or more failures in one day, the
median of the four times was taken
simply as obtained; this procedure
underestimates somewhat the median
time that would have been required
to solve all four problems, but as
before the number of such cases was
too small to affect the general results
appreciably.

Size of group.—The second and
major question with which the experi-
ment was concerned involved the rela-
. tion between efficiency in problem
solving and size of group. As is evi-
dent in Fig. 1, there was no significant
difference between groups of two and
groups of four in terms of the number
of questions required to reach solu-
tion. The performance of individuals
working alone, however, was consis-
tentlv inferior to that of either size
group. The t technique was used to
test the difference on each day between
the mean score of the 15 individuals
and the mean score of the 15 pairs of
Ss, and also that of the 15 groups of
four. - The values of ¢ obtained are
presented in Table 1. With 28 df, a ¢

TABLE 1

VALUES OF t FOR DIFFERENCES BETWEEN MEAN
Scores: NuMBER oF QUESTIONS
PER PRrROBLEM

Individuals Individuals
Day versus versus
Groups of Two Groups of Four

1 2.67 2.18
2 2.86 1.96
3 2.30 2.22
4 2.11 2.45
All 4 2.64 2.62
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Fic. 3. Time per problem as a function of days
of practice and of size of group

of 2.05 is required for significance at
the .05 level and of 2.76 at the .01
level. All of the differences but one
are significant at or beyond the .05
level.

A score for all four days was ob-
tained for each individual or single
group by taking the median number
of questions required to solve the 16
problems. In terms of the means of
these scores, the performance both of
groups of two and of four is signifi-
cantly better (.02 level) than that of
individuals working alone (see Table
1). .

That there were differences as a
function of group size in terms of
number of failures to reach solution is
suggested by Fig. 2. Because of the
fact that, as would be expected, the
distributions of failure scores were not
normal, ¢ could not be used to test the
significance of these differences. In-
stead a test described by Festinger (2)
was employed. The mean number of
failures per problem, all four days
inciuded, was for individuals, .26;
for pairs, .10; for groups of four, .03.
The values of d obtained indicate that

g e
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TABLE 2

VALUES OF ¢t FOR DIFFERENCES BETWEEN
MEeAN Scores: TiME PER PrROBLEM

Individuals | Individuals |Groupsof Two

Day | Grouns Grotipe Groups

of Two of Four of Four
1 .85 1.14 A2
2 1.01 2.36 93
3 2.20 2.22 .06
4 2.15 3.49 1.90
All 4 2.39 3.27 1.18

the difference between individuals and
groups of four is significant at well
beyond the .01 levei; the difference
between individuals and pairs and the
difference between pairs and groups
of four are both significant at about
the .02 level.

Differences in mean tin:e to solution
among individuals, groups of two, and
groups of four may be seen in Fig. 3.
Fortunately, the distributions of the
median times, of which the individual
points plotted in Fig. 3 are the means,
were such as to make the use of ¢
appropriate in testing the significance
of differences between means. Table
2 presents the values of ¢ obtained for
the various comparisons. As in the
case of number of questions required,
none of the differences between groups
of two and of four is significant. Dif-
ferences between individuals and
groups of two on the third s#nd fourth
days are significant at the .05 level;
differences between individuals and
groups of four on all except the first
day are significant at the same level or
beyond.

A score for all four days was ob-
tained for each individual or single
group by taking the median time

_required for the 16 problems. The
means of these scores were 5.06 for
individuals, 3.70 for groups of two,
and 3.15 for groups of four. The
values of ¢ given in Table 2 show that
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the difference between the first and
second mean is significant at the .05
level, and between the first and third
mean at the .01 levei.

Group performance was superior to
individual performance in terms of
elapsed time to solution. However,
if, instead, an analysis is made in
terms of number of man-minutes
required for solution, the nature of the
results obtained changes sharply. The
number of man-minutes for a problem
will, of course, be equal to the elapsed
time multiplied by the number of per-
sons in the group. In terms of man-
minutes, the mean of the scores for all
four days was 5.06 for individuals,
7.40 for groups of two, and 12.60 for
groups of four. Since the variances
for these three means were cleariy not
homogencous, the use of ¢ was not
appropriate for testing the significance
of the obtained differences. Instead,
t" was employed (1). Both the differ-
ence between individuals and groups
of two and the difference between
groups of two and groups of four are
significant at the .02 level. The differ-
ence between individuals and groups
of four 1. significant at the .001 level.
Clearly, in terms of man-minutes, the
performance of individuals was supe-
rior to that of groups of two or of four;
in addition, the performance of groups
of two was superior tc that of groups
of four.

A supplementary question of sone
interest is whether the member of a
group of two or of four getting the
correct answer asked significantly
more questions than the other mem-
ber or members of the group. An
analysis for all four days combined
showed that for groups of two, the

“individual getting the correct answer

asked an average of 1.55 questions
more than the individual who failed
to get the answer. A ¢ of 5.04 with
14 df shows this to be significantly
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dnﬁerent e Zers gat :001 leveI. :
However, it may be plausxbly argued
that in’ makmg this comparison, the -
final question which ldentlﬁed the
. correct_object should be excluded.
~ Before asking it,.the individual had
correctly formulated the answer. If
the final answer is excluded, tiie differ-
ence is reduced from 1.55 t0.55. This
yvields a ¢t of 1.74 and is not signifi-
cantly different from zero.

A similar analysis was done for
groups of four. When the final ques-
tion 1s included, the mean difference
between the number of questions asked -
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- by the individual getting the answer
- and the average number asked by the -

other three members was 1.53. With

~ a t of 6.50; this is significantly differ-
Ex--

. ent from zero at the .001 level.
cluding the final question reduces the-
mean difference to .53. However,
with a ¢ of 2.25, this is still significantly
different from zéro at the .05 level.

There appears to be some tendency
for the member of a group of four

_necessary.

ND WII.LIAM L. FAUST

who had wo"ked in pairs, 19.3; ana

for the 60 who had been members of
groups -of four, 19.1.
differences among these means is sig-
—nificant. Nor were any of the differ-
ences significant among the corre-
sponding means on the fifth day for
number of failures or for time scores..
Learning went on_as well in groups of
two or of four as in individual practlce

DISCUSSION

The - results obtained show that
there is rapld learning of the skill in-
volved in the game. The questlon
‘now . arises as to just what it is that is

‘learned. To determine this, a quali-

tative analysis of the kinds: of - ques-
tions asked on successive ‘days will be -
In a second experiment,
now in progress, a complete record of

- all questions asked is being made in

order that such an analysis can be
carried out. o
Group performances Were superlor

gettmg the correct answer to-ask more.. ..t

questxons, “even - excluding the final
question, than do other members of ™
the group. E

Individual versus group practice.—
The third question which the experi-.
ment was inténded to_answer was

ures, and- elapsed time -per- pr@blem'
but the performance of groups. of four
- Wwas not superior to that of groups-of
‘two, except in terms of the number of

fallures to reach solution. Whether
one could conﬁdently have predicted

whether improvement ir-individual g4}, group superiority is questionable:

performance occurs more rapxdly with
~ individual practice or with practlce as
~ a member of a grotip. To answer this
" question, all Ss worked alone on the
fifth day. As before, the-score for ™
each individual was the median num--
“ber of questions required to solve the
four problems. The mean of these
scores for the 15 Ss who had previously
worked alone was 20.8;® for the 30

- 3Comparison of this mean for the fifth day
with that for the fourth day (20.8 versus 18.1)
shown in Fig. 1 may raise the question: Why
should the performance on the fifth day be infe- .
rior to that on the fourth day in view of the fact

individual - members of the group
mighthave failed to._niake effective
use of the information yielded by
_questions asked by other members; if
this had been the case, the number of
-questions required by a group would -
have béen larger, rather than smaller,
than that required by an individual.
The fact that there were negligible

differences between g groups of two and

- -of four either in number of questions -

that the conditions under whxch these 15. ,,dl—”
viduals  worked were the same on both vdays’
However, the dxfference]actween these twomeans -
is not significant (1 = 1.04).

None of the
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" than by individuals.
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or in elapsed time strongly suggests.
‘that the optlmum size group is not
larger than four. -
require further experimentation with
other size groups. Additional experi-

~ ments are also needed to determine

whether the optimum size group is
similar for other types of problems.
The question may be raised as to
‘why there was a significant difference
between groups of two and of four in
number of failures to reach solution,
this in spite of the fact that there were
negligible differences in number “of
questions or el@sed time. A possible
‘explanation is that increasing the num-
ber of participants from two to four

reduces the probabilityof a persisting -

wrong set resuiting in complete failure.
For an individual, a wrong set once

“established may make it impossible

-to solve the problem. The probability
that a wrong set would be established
simultaneously for ali participants
would be smaller for a group of four

- than for a group of two.

Altheugh group perforieances were:

“superior to individual performance in-

terms of elapsed time to solution, the

' perform‘am’ée of individuals was supe-
~Tior to that of either size group in

terms of number of man-minutes

__required for solution. The practical

. implications of this fact should not be
--Gver lOQde

It appears probable that
there .are many kinds of. problems

“which a group will solve more quickiy

than an individual. If elapsed time
in hours, weeks, or months is the pri-

" mary consideration, then such prob-

lems should be undertaken by groups.
However, it appears equally probable
that few of those same problems will

~be solved more efficiently in terms of

man-minutes-or-man-hours by groups
If a group of
two is to solve a problem mcre effi-

_ciently than an individual in these
~latter terms, it must solve 1t in less

METERRL e : ‘. A o4y Ly

-the md:wdual
Proof of this will -

- the fifth da
each of the5
_not. significantly

:thaa half the. elapsed time required by
Slmxlarly, a group of

‘l’OIlI‘ to bP more eﬁic1ent must solve

the problem in less than one-fourth

the elapsed time reqmred by the indi-
vidual. . The importanee of this point

_appears to be frequently ®verlooked.

What it is that accounts for the
superiority of group as compared to
.individual performance in ternms of

number of questions or elapsed time
remains to be determined. "t'he sug-

gestion may be made that the superi--

ority ef the group is due to the

performance -of the best member of

the group. If one were to pick the

most-able individual from each of 15

groups of four, it. would be expected
that the performance of these 15 indi-
viduals would be superior to that of

"15 individuals chosen by random -
~sampling. The mean number of ques-

tions required by groups of four on the
fourth day was 13.6. The mean of
the best individual performances on

ps of four was 148,
different from 13.6.
This fact would seem to support the
suggesuon Just made. However, this
comparison is not fully valid. \Vhich
former member of a group of four had

-the best performance on the fifth day -

very probably depended partly on
ability and to a considerable extent
on chance. Selecting the best indi-

vidual performance from each of the - -

15 groups thus capitalizes on chance
in a way that reduces the mean ob-
tained; it may yet be true that the
mean performance of the 15 groups
would be superior to that of the best
individuals in each of the 15 groups.

That the superior performance of

the group is not simply a function of -

the performance of the best member
of the group is suggested by another
consideration. If this were the case,

then the larger the group, the better.on

ormer members of-

v R
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the average should be the performance

of tlie best member on the basis of
~sampling - ‘alone; hence the larger the

group, the better should be the per-

formance. - The negligible differences
obtained between groups of two and of -

four fail to confirm this expectation.

It may be expected that other fac-
tors such as broader range of relevant
information, greater flexibility in ap-
pl‘OaCh etc., are at least partly respon-

sible ior the s.periority of group over

ind#vidual - ciiormance.  What these
factors are and how they operate to
produce an optimum size for a group
can be determined only by additional
expenmentatlon

An interesting supplementary ques-
tion is whether the member of a group

- who obtains the right answer does so
- largely because he asks more questions

than the other members of the group.
The data obtained show that the num-
ber of questions asked by the member
of a group of two obtaining the correct

__answer_does not differ- significantly —;
- from the number asked by the other

member. A difference significant at

the .05 level was found between the

number asked by the member of a
group of four obtaining the correct
answer and the mean number asked
by the other three members. How-
ever, this significant difference was
only a matter of .53 questions per
problem. It seems doubtful that
getting the right answer is primarily

due to the askicg of more questions -

either in groups of two or of four.

The results obtained on the fifth

day showed that learning resulting in
improvement in individual perform-
ance occurred as rapidly with indi-
vidual practice as with practice as a
member of a group of two or of four.
This fact, of course, should not be
taken to mean that improvement is
qualitatively the same under the

_different conditions.

not be.
Summary AND CONCLUSIONS

The game of “Twenty Questions™
was employed in an experiment on
problem solving. A total of 105 Ss
were assigned by chance to solve such
problems working either alore, in

pairs, or in groups of four. There

were 15 individual Ss, 15 groups of
two, and 15 groups of four. Each
individaal or group was given four
problems a_day for four successive
days. On the fifth day, all Ss worked
alone, each being given four problems.

Both the number of questions and
the time required to solve each prob-
lem were recorded. Problems not
solved in 30 questions were counted as

“ failures.

1. In terms of number of questions,

rapid improvement occurred in the

performance both of individuais and
of groups. By the fourth day, the
curves appeared to be flattening out.
Similar results were obtained in terms
both of number of failures and of time
per problem.

2. Group performances were supe-
rior to individual performance in terms
of numper of questions, number of
failures, and elapsed time per problem;

but the performance of groups of four
was, _not superior to that of groups of
two, except in terms of the number of

failures to reach solution.
3. In terms of man-minutes re-

-quired for sclution, the performance

of individuals was superior to that of
groups; the performance of groups of
two was superior to that of groups of
four.

4. Improvement in individual per-
formance occurred as rapidly - with
individual practice as with practice as
a member of a group.

(Reccxved for priority publication
& August 18 1952)

It may or may -

-
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